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On the Physiojcgios) Mechsniems ¢? the Potentistion B’f.cs oL Syper

A and B Botulinsl Toxins 4n the Crganiaa1)

By: V.V, MIEHAILOV (Woscow]

Paculty of Pathological Phyelology (director: prof. A.D. ADO, he- '
eociate Nszber cf the Acedemy of Medical Scisences, USSR), of the
Ilnd Moscow Medical Imavitute, dedicated to .1, FIRGGOV.

(Beceived July 12, 1958)

(Translated by; Bdward Lachowice, Maryland, Medical-Legal Foundstion,
inc,, 700 Pleet Strest, Baltimore, Marviand, 212020

The clerification of the mechanisms of potentistion and de-
potentiation of the effects of baecterial toxins irn the organiep
is & very important problem 1in the pathology of infectione; yet, up
to mow, thim guesation etill remains insufficierntly explaioped,

Accerding to bivlicgraphical dats. 1t has bsen estadblished
eclely with relstion to tetanus and botuliam that their pathogenio
effect incresases considsrabdly following & parenteral adsinistretion
of these toxins together with hetercgenic proteins {blood ssrum,
gelatin, peptone, trypsin, etc,). Purther investigations proved
that the potentiation effecsit of the diecussed toxine are neither
sccompanied by ar incresse of their quantities ip tire wuffected

organisa, nor by & devslopzent o1 new toxlc products, The &uthore
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1) - Presented December 17, 13957, at & commemcration of the scien-
tifio oonference of 11lnd Moscor Medical Institute, dedicated
to ¥.i., PIROGOY,
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assume thet the reason for simiiar intensificetion is a reduced
deatruction of the toxin when administered with a protein,snd a
ﬁrcaorvnxion. by the latter, of s wide aresa of activity. Bowaver,
nons of tha authors linked the potentistion phenomenon with basioc
points of the adaptetion of toxins in the organism, nor =ith suoh
disorders, which inevitably emerge as & result of the loss of
functions in affeoted orgesns.

It 4s known that bdotulinsl toxin excludes mainly the cholin-
ergic seotions of the nervoue aystem, while the adrenergioc neural
oeffeut: are preserved, A parerterasl sdministration ¢f protein with
species of bdacterisl origin leeds to a potadle stimulation of the
adrenergic section of the nervous systom and to the hypor.dronﬂlonil;

In order to explain the degree of intensity of adrenergie
proceisss in the dynamios of botulinsl intoxication and the effects
of their ertificisl activation, alec the inhibitions upon the
phesosemon of the poventiasion sotio? of dotulinal toxin, we pere-
forsed the following 1nvont13|txonaxrk'dctcr:instion of disorders

in activities of the organs, Whose funotlonal capecity was secured

by chemicel agents, such as - soetyicholine and sympathin in the

cass of botulism of the 4 and B types; 2) how do the activeticns

of pharmacological preparations of adreporeacting and cholinere-

acting systems reflect themselves in the survival of snimale from
botulism type A and B; 3) the explanation of the role eessumed bty

certain horsones of the hypophysisl-adrenalin system (ACTH of

cortisons) xith relation to the phenomenon of the potentiation
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sction of botuiinal toxin,

Inovestigntion Methods

The experiments wers perforzed on froge, rabdits, cate and
rese,

We investigated, opn frogs, the dimsorders in automstic motivi-
ties of the urive bladder and stomsch due to botulism, We selected
these organs for this reason that {eooording to bidlicgraphical
data) sutomstic contraotions of the urins bledder are ssoured by
The eirsulation of adrenslin in the Blood and, enslogous type of
the stomsoh oontractions - by acetvlobolins, Firet, we aiminie-
tered to sanimals botulinal toxin type A (1 mouse Dlm » C.000%5 mg
of &2y toxin) and type B (1 mouse Dilm = 0,001 mg of dry toxinm),

Progs received their toxic injection intc the spinsl lzlphltio
ssc in & quantity of 2,000 to 4,600 mouse Dla units, On the second
or third day, & heavy intoxication of froge followdd while they
were rapt st rooam tempsrature.

The sxperimants on frogl.) ®exe ocoried cut from the first
through the seventl: Jsy after 1noculation. Consequently, the anizalas
manifested & collapse of the brain end of the spinal cord, With the
dissection of the abddominal cavity, 1t ®a: Ievemlec that the apex
of the urinary bladder and the pyloric seotion of the stozach be-
came connected by means of serpiginous, distinct tuvules, The con-

trections of the investigated organs were traced on a aslowly

rotating kymograph. The propc:stiona wers frequently humovtat.dwith

*) - Student F. GAT] participated in some experimente on froge.
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RINGBR’S sclution in the course of experiments,.

A gomeralised type A botuliax wap developed in rabbits and
guinss pigs by intravenous injection of larger doses of the toxin
(20,000 Dila per 1 kg of weigbt) and, in cate, the type B s«llantiasis
was developed (doses of 1,500 to 2,000 Dlm per kg of weight),

The pharmscodynamic effect of sdrenalin cn the heart was checked
in the following way, |

A8 & more sevare dyapnea developed in poisoned rabbite and
guinea pigs (after 2 to 3} hours following sdministration of the
toxinj, we performed tracheotomy and spplied artificial respiration,
Then,ws dissected on one eids of the neck the common carotid artery
and we inssrtsd cennuls into it, connecting the letter with a

special tlectrodisphregm manometer, Having this manometer adjusted
on 4-PFD-7, we recorded the contractions of the hesrt, We apﬁliod
injections of sdrenslin intc the juguler vein in & quantity of

0.5 ml of 0,1% solution per 1 kg of weight, after 2 to 10 hours
following the inoculation., In experixzents on cats, their natural
breatbing wes oontinued and the method of tracing contractione of
the heart was thr saxe as in sxperiments on rodents, The intoxi-
cation of cats fcllomed after 15 to 48 hours.

We conducted the experimente on Loisoned rats In two seriee,
In the first series, ws increased sriificially, or decreased the
intensity of adrenergic reaotions in puisoned animals by subject-
ing them to the action of pha~macologicel preparstions, We usel

as activators of these reactions: adremnalin (0.2 @1 {,C1%), caffeine

(0.2 m) 20%), ephedrins (0.2 ml 2%), coocaine (0.2 ml 1%) and dyaen~-
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teric vaccine by PLEXNER-SOFKE (0,1 ml)., ¥Fe ueed tetamon-U (0.2 ml
1€) as inhibitor., We ased in the second saries the cholinereacting
systoms @6 activators: choline chloride (0.2 ®l 2X), acetyloholine
chloride (0.2 ml 0.05%) and pillocarpine (0.2 ml 7,0%%)., Then, we
checked the olinical data pertinently to the therapeutic effeci

of thiamine in occnneoticn with botulisem snd thus we administered
thiamtne (0.2 ml 0,25%) to polesonsed rata. In order to explain the
synergism and antagoniam in the action of the sforegentioned prepa=-
ratione, we adminietered them i+ the following combinations: a)
choline chloride (0.1 wl 1%) + thiamine (0.1 @l ©.25%); b) choline
+ thiamine {per 0,05 ml in the saame oconcentration} + acetylcholine
ohloride (0.05 ml 0,05%) + tetamon~I (0.05 ml 1%X),

In 8 series of sxperiments on sdrenalectomizesd poisoned rate
we investigated the effects of various dosee (2,5 and ) mg) of
cortisone and ephedrine, The sdrenalectomy wsua performed under
sterile cond.itions in 2 to 12 days after a conducted experimont,
The strength of the effects of the discusged substances waes de-
termined according to & cifference between the magnitude of ths
ex,erimental and the control ldSO' The latter was determined ac-
cordiag to the nethod of REED und NUENCH, Subsequently, rats weighing
95 to 100 gm were tuvken to experiments in groups (16 to 4 neads
in esch). One group wus selected for @ control experiment ani theass
animals received only pertinent doses of botulinal toxin, Four
rate in remaining groups were teset animals and they received, in

h )
addition to the injection of toxin, alaso inftramuncilar inlection
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\ of the investigatqd pharmacological prepsrations,. Following the

adaipistration, we conducted observations for 7 days, We took | !

into msocount the involved deeth period (days) of animels and the
general parcentage of lethality for eaoh individual dose of toxin,
on the Mis of which we oomputed the magnitude of 1d,,. The letter
B proved o Le 0.124‘ of dry; ioxin for hesltihy rots of the mentioned 5
wuight, ¥s usaed the following dosages in experiments: C.266, 0,200,
C.144, 0,098 and 0.06'.

Inherent Investigetions
Ve 39 in figure 1 that, si early etages after inoculation
-(1 to 2 days), while the paralytic botulinal eyndrome is etill abeent,
the sutomatic sotivities of the urine bladder and stomach do not

differ from the normal onas, With average periods of development

of intoxication (34 or 4th day), i.e. during the evolution of ‘E’
4istinct paresis in the animale’ muscle apparatue, automatic con-

:f traotions of the urine bladder beocome sherply accelersted, while i
those of the stomsch -~ depressed, Pinally, at a late stags, with

a perslysis fully Jdeveloped, the automatic activities were sus-
ponded in investigated organs. We performed 25 experiments with
botulinal tcxin type 4. The same stages of impairments in auto-
Batio aciivities were observed in 17 expsriments on froge poisoned
Q with botulinal toxin type B.

r . No Qisorders in autosatic oontiractions of the urine tladder

| and stomach were noted in 15 control experiments on frogs conducted

4in the sead mkn-er Oon exjirimental animsls, Oonsequently, as botu-
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linal intoxiomation of the A and B types 4developed in the organiem
of frogs, the sotivation of adreporeacting systems took place ani

this induced, et firet, & gradual mooeleration in esutomatio aotivi~

Pigure | - Disordere in automatic sotivities of urine bladder (1)

and etomaoh (I1) in frogs at virious periods following
admipistration of botulinel toxin. &
normal enizale; b - sutomatioc sotion prior to appearance
of oliniosl symptors of bosulismi ¢ - automatic action
during severe psrésis 1o skeletzl mumscies; 4 - automatis
ection during e full development of the paralytic botu-
1linal syndrome. Bottom: S-ascond tise readinge.

- control on

4160 of the urine bdladder exnd tnen, as the intoxiostion progreseive-

1y developed, the exhaustion snd exolusion of sotivities followed,

. A% the zame tise, the sutomatio contrasotions of the stomaoch being

protected by ths oholinergic meohanism, Moame mores depressed

T ==
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every day after the inoculation and greadually ended,

Ino order to slarify, whether the scoelersted aotivities of the

sdrenoreaoting ssiructures sre s necessary componnnt of the dotvlimal

intoxiocation in wars-bloods«. animals, we parforsed sxpsrisénts on

éf cate ani recorded the stimulation effeots of the cervicosyapathetio
Ef Berve on the respirstory osnter and on the bltnftng of the ocular
Beabrane, The effedt of tho sympathetioc nerve on the respiratory
osnter, just 1ike the sutosatio sctivity of the urine bladder in

froge, ia proteotsd by the meldiatory mechaniss - sympathin, whereas
the effect of the ayapsthetio nerve on the third eyelid does not
andergo eny notioceable ohanges under the impairpent oconditiona in

the formation of sympathin, folloxing a removel of the chromaffin
Aissus in the sdrensl glande,

Bince e experiments wers conducted with the type B botulinal 'y
e toxim, thus at the bdeginning of the work we made a comparison of

E the mechaniss of the psthogenic effeot of the type B toxin with that

i of the type A. The results of the investigation of the type A toxin

wers published sarlier, In 22 experiments with the type B tozin we

made the following obeervetions: scoording to analogy with tie type

4 toxir, the sxoclusion of the inhibitory effect of the vesgue nerve

on the heart too0k place with & development of the paralytio botu-
lius) synirome. A prelisinpary seotion of ons of the ceirvicosyspa-
thotic nerves, in the oourse of the fcllowing 7 ;xpcrinonto, 1.0
prhor tc adzinistration of the toxin, fully protected the periphersl
ares of thw cut-ott‘norv‘ froa the parslytio effeot of the toxim,
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Just like in tbe omse of adminiestered type 4 botulipal toain, Thuw,
mot only the olipicsl pioture, but slec the zeohanism of the af-
fection by botulinal t.1ip tyype B showed its complete fdentity with
the action of the type A to-ir.

The effeot of the cerviosl truncus sympathicus on respirstiobn
and en the blinking membrane of the eys was studied in 32 experi-
aents on poisoned anisals, ard in 14 sxpsriaoents cou healthy ones,
At the msane tige, we Glscovered in 10 experimente that & 8timu-

lu110n1) of the pregangliionic fibers in the cerviccsympethetioc uerve

" ip snimsls, during a development oY the paralytic botuilnal syndrome

of & nild and averags severity (1.0 up to the stage of developed
pareaie in skeleival muscles), resulted in & distinct sotivation of
the sympathetic effeot on the respirstory counter; the intensifi-
oation by 2 to 5 times, and the inocrease of freguenoy in respiratory
movemente, cocurved even in the presence of the etimuleting current
of 0.6 to 1 v (norm: 4 tc 10 v; flgure 2).

In siailar experiments substantial changes also appeared in the
type of ocontraotions of the third eyelid, nazely s pessimus of the
frequeroy during a prolonged stimulmation of the nerve cccurred ornly
with frequencies of 260 to 310 cps (morm: 164 to 190 cpe), hut after
stiswlation of the posiganglionic fiber in the oame narve, no ob-
servable deviation from the norm was deteoted in ihe pessipux of
the frequency stimulation; the inhidbition of the poQalmum followed
in all experimenis with the freguencies of 120 to 200 cps. Conme-

1) - Stimulator GRAKH-1, Prequency 1 to 780 ops; the durstiorn of
the single square pulae 3.5 m/sec,
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quently, the ocsuse of the frequency stimulstion displacement was,
obviously, a ohange it the funotionsl charsoteristics of the gengiion
1%80lf.

Anothar pattern wee obeerved with the davelopment of & aevere
paralytic syndrome. A9 e rule, the sympathetic effect ¢n the re-
spiratory osuter weakensd sharply in 16 expsriments &nd, freguently,
collepned (wee flgure 2). The effeots ware avsent even during
stisnlation of the sympathetic nerve by the current of 10 to 40 v,
Heaxnwhile, the contrastions of the blirnking asabrane in the eys oo~
ocurred in moet sxperiments in response to the same stimulating
current, a8 in previocuvs sxperiments () v), and only in twg experi-
ments in response %o 10 v, The inhibition of the pessismur appearesd

approximately in respomse to the same frequencies (220 to 300 cps).

The subalitted data show that, during & more severe intoxioetiosnm
with bztulisa, the transmittal of the stimulation was prssarved by
way of the upper osrviocosympathetic ganglion. Pigure 2 shows that
tha stimulavi.: of the oervical oyspathious leads to & contraction
of the 3hird eyelid, however the aedistory effect on the respirstory
conter is disuontinued,

Fhus, 1o warzm=hlcoded end oold~dlooded enimale ths mediatory

componest of the syepathetic effeoct on tissues bLecoaes considerably

sotivated during the initisl etagss of botulinel imtoxication, but,
a8 & development of the diecwse progresses, it weakens sharply and
freaqueatly disappesrs. BEere the queation uriwes: is the discon-~
tiavanoe of the aympathetic effects not a resultant fact of the

adrenorencting sizuctures’ ox’ austion dus $0 extremely stimulating
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influences of eymjpatbin (adrenalin)?

In connection with thie, investigations of the pharmacodynasio

~

Pigure 2 « Lisorders in the syspathetic offect on respiration and
on the bt.:nking membrane of the eye in cate at yarious
periods following the sdainistration of bvotulinal toxin
type B. & - effect ¢. respliration folliowing the stigu-
lation of the cervicosympathstic nerve in norzsi animsls
(ocontrol); L - the eaxe in the presence of observebdle
puresis ic akeletsl xusclen (average range of inoculation)
¢ = the same with the development of & severe paralytic
syodromes; 4 ~ efZeoct on the third eyelid following a
etimulation of the ocervicosympatnetio truncus on she
background of & eevere gensralized botulism (the frequen-
cy of stimulating current is marked on the curve), Time
nark: 5 seconds,

sffects of sdrenalin were corducted with tissues of anisals in various

ce 11 a=
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atages of botulinal intoxzication. The odbject of studies was the

wl .L\ e

heerd, which, 88 we Xnow, possesses 8 high sensitivity to humorsl

- agente, We performed oxperiments on cats with botulinal toxin type
B and,on radbdbite and guinea pigs, with the type A toxin.

In 15 experiments on csts, conducted during the lighs and

- aversge etages cf the develcpment of botulinal paralytic syndrose
(18 to 28 hours after inoculation), the heart reacticn to intra-

venous administration of 0.1% adrepalin, in 0,5 ml dose, ehowed a

B L I IR L

sarked inversion, Also the bradycardia reflex was rompletely die-

continued in all 16 control experiments conducted on normsl animale

BEL) (| S

and the sccelerstion of rhythmic cerdiac contractions followed, The

Plgure ) - Toxic effect of adrenslin on heart of & rabbit exposed
to botulinal toxin, Time mark: ¥4 of & second. Arrow
indicates an inetant of sdministration (into extermsl
jugular vein) of 1 ml of sdrenslip solution in & econoen-
tration of 1x10°3 ga/ml.

TP R T TR R weemem e e e o v e e

ezpresssed poeiiive ipotiropic effecs, wocoreiig to wagnitude, proved
to be closs to normal (4in 1¥2 - 4 timee). Apparently, the sbsence
of bradycsrdis resulted from injuries to the vagus nerves’ centers
at this stage of inooulation.

In 10 experiments involving & severs stage of botuliem {almost

s ccaplets parslyeis), the sdainistration of analogous dose of

adrenalin (unlike in previous experiments) resulted only in a slight
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intensification of heart contractions (by 14 to 7C%) and, in ecme
instances, the positive ipotropic effact was oompletely abeent.
Zowerer, in thess experipents, the poeitive ohronotropic effect of
adronsalin was usually preserved,

Identiocal data were obvained iloilowing the inoculation of 16
redbbits and 10 guinea pigs with tke type 4 botulinal toxin, it
saould be noted that, in the presence of & severe stage of intoxi-
cation in rabbits, one could odserve Lfrequently a toxic effect frox
adzenalin injectione.

The rasults of the exgperigents proved that the sdministration
of adrenalin within the firet )} to 3¥2 bours after irnoculstion
showed the same positive inotropic and chrenotropic effects as 4n
oimilar esxperiments on poisoned cats. HBowever, the administration
of the same quantity of adrezalin later than the indicated tipe (by
4 to 10 hours after inoculation) caused, in oost experiments, &
development of acute cardlac insufficiency. Figure 3 showe that the
injection of sdrenalin into the bdlood csused a brief positive ino-
tropic effect, but, 2 minutes later, an asute cardiac insufficiency
followed and deat” of the animal resulted,

Iz 12 control exjeripents we pdrinistered, inetesd of edrenslin,
the injection of scetylcholine chloride (1 ml 0,01%X), zethionine
(2 g1 20%), thiamine (2 ml 5%), ascorbic acid (2 mi 1%), blood serum
of guines pig (2 ml) ané antibotulinal serum type A (25,000 to
40,000 BY); at the same time, we 4id not detect even a single case
of & siailar cardiac insufficisncy.

Thua, on the bsels of the conducted experiments, we can conclude

- 13 -
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. © that, in the uase of botulism, the aciion of adrenalin, as well &s
the sympathetic effeot, undergo two phases of ohanges: a slight
aotivation in the initisl stages and a coniidoublo weskening during
& seveore intoxication. Apparently, the csuse of & eipiler disorder
18 3 decline in the capecity of adrenorescting structures to react
on specific etimulus, i.e, sympathin (sdrenalin). We secsume that
the funotional condition of sdrenergic mechaniems plays an esssntial
r0le 1ln the courss and severity of botulinal intoxications,

Procleding froa this hypothesis, we attempted to clarify a

point, how does the intensity of adrensrgic processes reflect itaself
in the asurvival of animals poiconed with a lethal dose of botulinal
tcxin, Consequently, we made experisents on rats, We adaministered
adrensalin to one group of rate and, to the other group, the prapa-
~rationd wLicl stimdleted the eympathetic section of the nervous ‘:’
system: ephedripe, caffeine, cocalne &nd dysenteric vaccine by
PLRXMAR-SONNB. Cocaina, in sddition to stimuleting the nervous
syotem, 4160 cauesd & sensitizetion of tissues to adremalin. As an
index of tpo effeotiveneds of the exazined substanoes, we ueed the
difference between the sizes of the experimental and control ldso.
Reégardiess of & quiok inactivetion of adremslin in tue organiam,
daily injections of adremslin possessed & considerable potential
eflect.
The ldso ia 0.034‘ or 4ry toxin provad to be below the control
standard (ld50 for a gronp of animals -yich received no indicated
preparstions), & &isti~ct votential effect wes obeerveo ufter ad-

miniatrstion of ephedrir., caffeine, coceine and dyesrnteric vaccines,

o

- s - 14 .-




Vith the sdministration of sphedrine, the ldSO wes less than 0.0GQ'.
i.¢, more than 0.064‘ balow the control; with the sdministrastion

of oaffeine, it was by 0.050_ below the control; cocaine: by 0,016,

and dysenteric vacoines: by 2.0348. Consequently, & relatively lon:
stimulation,produced in adrenoreacting systeme with a single adpinie-
tration of the indicated substencee,developed & considersbls sggra-
vation in the course of bdetulinal intoxioamtion.

The next saries of experiments were intended to clarily whether
the gravity of the disease declines with the inhibition of adrenergio
procesces. 4 similar inhibdition wes caused by & ganglioblocking
properation of tetamon-l (tetraethy. emmonium iodide), which blocks
the tranemittal of impuleee in aympathetic and paresympathetic
ganglions without stimuleving the latter first, The experiments showe
that bdlocking of the sympathetic section of'tho nervous system lzcds
to depotentiation effects of botulinal toxin., Tollowing the adminie~
tration of tetemon-l, the ld;, Zoved higher than that of control by
0.0646. Thus, the resuits of these experiments proved again that
the etimulation of adrenergic systems in the organism leade to @&
potentiatiun of the effecte of botulinsi toxin,

Pinally, we conducted experiments designed to clarify the role
or the cholinoreacting systems in dynamics of botulinal intoxication,
Ve activated these Bysi.eaw in poisoned animals by & puranteral ad-
ministration of choline chloride, acetylcholine chlori - &r' pilo=-
carpine, The obtained resultes indicated that choline chlcride and

scetylcholine administered to animals poisoned with botulinal toxin

. 15 o-
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possessed a distinct therajeutic effect: the magnitude of the ldso

3 and after administration
of choline, 1t went even higher to 0,076, above the control, Rowever,

g

the adainietration of pilocarpine resultsd in a distinct potenti-

after injections of acetylcholine an 0.052

ation effect of the toxin: the ldso was redu-ed tu C.N30_ below
the acontrol. Consequently, oaly acetyloholine chloride and choline
chloride possess dspotentiation properties,

Apparently, the effecte of these subeta:u e ~an be explained
by this: as they participete in the trophic system uf the cholinergie
seotion of the nervous syetem, they prevent the pathngemic orriot
of the toxin to a certein exisnt, Thie conclusion was verified in
experiments with pillocarpine, The latter alao stimilates the
cholinsreacting Jyesteme, bit unlike choline mnd acetylcholine, it
12 not u nutrient aubstance for neural tissues, In connection with
thia, the stimuletion .f the cholinereactive ayatens, as wall as
sdrenoreactive, leads to a distinct potentlation of bstulinal toxin,
4 specific trophic imjortarce of choline substances was revealed
in four control experiments conducted on rate treatel with acetyl-
choline chloride, In apite of the adwminietered toxin tc these ani-
male, they 41d not manifeet any discriers in the Inhibiting effecy
of the vagus nerve on the heart,

Or. the basis ¢f obtained data we cuan as3ure that a diagrier
ia the acetylcholine metadoliam in the nervoua 3ysten ;1aye uan im-
portant role in the pathogenesis of totulist und, ut the ~ume time,

the neural tissues obviously protect the opportunity *o usilize (for

their vital activities' t'e parenterally administerci phuarmacnioglcal

L)
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acetylcholine, In connection with this, we tried o0 clarify, whether

it 1e possidle to increase the resietance of organimsm to botulinal |
toxin by admintetration of preparations, which intensify the synthe-
ais of acetylcholine, As we know, thiamine particijyates in the

| synthesis of acetyluholine and, according to one clinica' report, o
;é it shows 8 therapsutic effect trauceable to botulimm in man. We con- i
ky ducted experimentsa with thiazine aiministered to poisnned animals;
1 at the same timeé we discoversd that,after administratinn of

triiamine,
the magnitude of the 14

5o wes higher by 0.0168 thaen trnat of cont-ol,
Thus, it is probadble that thiamine is able to activate the

formative processes of acetylcholine during botulinal intoxication,
however its action ia less distinct than that of choline and acetyl-
cholire. Nex’, we tried to reutcre the cholinergic processes dis-

' ~turved due to polsocning and #e adminietered a cowbination of this-
pine with chioline, The results of the experiments provel that, in
this case, the 1d50 exceedoes the control by 0.0943, 1,8, the mixture

pospeesed a considerable depotentiation sffect, while a comtination

0f choline + thiemine ¢+ acetylcholine + tetamon-l indicuated a lower

depotentiation &ffect: ldso exceoeded the control only by 0.001_ . We

3

are inclined to explain & simllar result by decreusec quantities

- - E—— —— et S e

of choline and acetylcholine in the mixture,

It should be pointed out tha., in order to munifest their thera-~
ypoutic effects, choline chloride and acetylcholine chloride are
required to remsein in the organism for a coneidersble tige. 41l dur

atnnpto’ msade scoording to ruies of oxpormant' to rentor- <& loet
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inhibitory sffect on the heart in rabbits poisoned with botulinel
toxin were unsuccessful, and administration of choline and acetyl.
¢holins into ths blood stream proved fruitless,

Consequently, three rules revealed themeslvee in the course
of our investigation s2 to tne role of the adrenoresctir., and
cholinereacting systenms during experimental intoxication with botu-
1iam: 1) the stimulation of sdrenoreacting systems leads to & notice-
sble potentistion effect of doiulinal toxin in the organiam; 2) a
similar effect possess preparations, which stimulate ocholinereacting
systems, but they are nct used by neural tissues as nutritive
substances; 3) choline chloride and acetylcholine chloride, in spite
of their stimulative effects on cholinereacting systems, show a dis-
tinct depctentiation effect in the presence of experimental botulisem.

“thie indicetes that un injury in the cholinergic sectisn of the

nervous systes apparently occurs as 4 result of its depreseed
trophism induced by & dleturbance in the socestylcholine metabdolisam,
which is ocaused in the orgsniec by the toxin,

Currently, s wide acceptance received a thenry ubout the role
of the hypophysial-adrenalin system in realization of protective
reectione in the organiem against varioue hermful effects (SEL(E,195%0
1o connection with this,6 we regarded as expedient to explain the
participation which certain hormones of & dnllgnntgésﬁg endocrine
glandas assume in the plienoasnon of the potentiation effect of botu-
1iml toxin. It 18 known that the resietence of rate tc diphtheria

toiin is consideradly reduced by way of sadrenalectomy duve to the

- ‘8.-
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lose of many steroid hormones in the organism,

The expsriments with botulinsl toxin wers performed on 7 groups
of rats (16 to 20 heads in esch) according to the same method, &
in previcus series, At ihe same tige, we used three groups ¢f intaot
animale to investigate the effactes of ACTH (6 units per day) and
cortisone (in daily doses of 2.5 anc 1 mg). We use2 the next four
groups (which included adrenslectomized animels) on the 2nd and 12th
day after the operstion, in order to etuldy the effects of sdrenal-
soctomy on the courme of votulimal intoxicetion and, at the same
time, the effeots of varicuse dgsee (2.5 and 1 mg) of certisone and
the effects of the vigoroutly potentiating agent like ephedrine (in
the same docses), all on intact animala in anslogovs experiments,

The adrenalectomy resduced the resistance of rate to botulirael toxin,
however tne effect of adrenalectomy was considerably milder in com-
yarison with the effects of eyzpathozimetic preparations. The &d-
renalectonmy d1id not aliminate the potentiating effect.of ephedrine
and that of a larger dose of cortisone (2.5 pg). The administration
of cortisone in e dose ¢f 2.5 mg to intact animale aleo inducad
potentiation; ® 8lightly depotentiating effect was ohserved onl&
with 1 mg dose. The latter effect wus proeerged in acrenalectonized
spimals, The ACTH injections brought negetive resulte,

On the vasis of the experimental date we can come to & con~
clusion that, althcugh hormones of the hypophysial-sdrenslin system
are (to a familier extent) involved in the phenomenon of potenti-
ation of the pathogenic effect ol botulinal voxir, yet, otviousLy,

the basic role in this process play adrenergic reactions.
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Conclusions

1. It 1s obvious that the mechanisd of the pathogenic effect
of botulinal toxins type A aud B are jdentiocal,

2. A profound disorder in the synergy between the adrenergic
and oholinergic processes emerges in the course of btotulinsl intoxi-
cation together with the paralysis of cholinergic nsrves, Conse-
quently, during initial stages of intoxication, the wctivation of
the sdrenergic effeot on tissues occurs, and ite weakening, or even
a frsquent exclusion, follows during eseveres atagze. The reason tor
a similar effect is & deoressss in the seneitivity of tissues in
the affected organism to the mediatory component of the syampathetic

effoct,
3. The artificiel e:imulation of adrenergic proceeses by

~ pharmacological or bacterial means results in s noticeadblie potenti- o
ation of the pathogenic sffect of botulinal toxin, whereas thne inhi-

bition of theee processss leads to & depotentiation of & simiiaer

S

effect,
4. 7The preparstions which stipulate the X-cholinereacting

(
PrHOw

o

aystems possess the potentistion effect; however, choline chloride,

v i

f

1 scetylcholine chloride, thianine and thelr combinations manifest a
distinct depotentiation effect with relation to botulinal toxins,

S. The potentiation phenomenon in the pathogenic effect of
potulinal toxin by way of stimulation of adrenergic processes dces
not undergo any substantial changee in adrenslectomized rats,

6. The sdmircistration of cortisone-ecetate in a aose of ! zg
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per 0,1 Xxg of animal’s weight producel inslgnificsnt effect o1 the
survival of rate affeoted by Lotulism, whereas the wiminietration
of & dose of .5 mg per 0.1 kg of weight resulted in the potentiation
of the effect of toxin,

7. Tne administretion of ACTH in & domre of 6 unite per 0.1 kg
of animals’ weight falled to produce ary chenges in the effect of

botulinal toxin in a dose administered hy um.
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Supmery (copield) i
An attempt TR3 3ade to reveal tihe role of medister ccmpenent ; E
in potentistion of the betuliew action. Tae author demunstrated
that artificiel stimulsticn of adrenergic proc:uﬁos in the poieoned

bvody Ly phersacologiosl or bactsrial means resulte in corelderabdle

potertiation of the psthogenic effect of thie tuxin. (n the contre~ %
ry, deyroseion of thess proccsses by & gengliobliocking prepuration 5
. (vetamon~X), or sctivation of cholinreeciive systeme by cholintki.ow i
] ride and mcetylobolinschluride decresses the pathogenic effect of
betulism.
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